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57 ABSTRACT 
Apramycin derivatives substituted at the 7'-amino 
group with a methyl, ethyl, n-propyl or n-butyl substitu 
ent are broad spectrum antibiotics. Also claimed are 
intermediates in the synthesis of these 7'-N-alkylapra 
mycin derivatives. 

13 Claims, No Drawings 
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7-N-(SUBSTITUTED-APRAMYCIN ANTIBIOTIC 
DERIVATIVES AND INTERMEDIATES 

THEREFOR 

BACKGROUND OF THE INVENTION 
This invention relates to antibiotic derivatives of 

apramycin and intermediates in the synthesis therefor. 
In particular, it relates to apramycin derivatives in 
which the 7'-amino group is derivatized by a C1 to C4 
alkyl group; and the pharmaceutically acceptable acid 

addition salts thereof. 
Apramycin is used as a veterinary antibiotic (see U.S. 

Pat. Nos. 3,691,279, 3,853,709 and 3,876,767) and has 
the following structure: 

It is known in the art that substitution on various 
positions of the aminoglycoside rings may increase the 
activity relative to the parent aminoglycoside, espe 
cially against bacteria resistant to the parent amino 
glycoside. Some recent substituted-apramycin deriva 
tives, in which the 1, 3 and 2'-amino groups were 
derivatized, have been recently reported by Herbert A. 
Kirst, Brenda A. Truedell and John E. Toth in Tetrahe 
dron Letters, vol. 22, pp. 295-298 (1981). 
The apramycin derivatives of the instant application 

are modified on the 7'-amino group and possess broad 
spectrum antibiotic activity while differing in structure 
from the aforementioned compounds and other com 
pounds previously disclosed in the art. 

SUMMARY OF THE INVENTION 
The 7'-N-alkylapramycin antibiotics of this invention 

are represented by the following formula: 

2 

5 

HO 

10 

15 NH2 

HO 
HO NH2 

20 

wherein R1 is methyl, ethyl, n-propyl or n-butyl; and the 
pharmaceutically acceptable acid addition salts thereof. 

25 A second aspect of this invention provides intermedi 
ates useful in the synthesis of the above apramycin anti 
biotics, represented by the following formula: 

30 

RHN CH2OH 

O sh. 
35 HO N-R 

HO 
O OH 

O 
40 O 

RHN O s NHR3 

45 
HO M 

NHR3 HO 

50 wherein R2 is hydrogen, methyl, ethyl, n-propyl or 
n-butyl and R3 is acetyl, C1 to C4-alkoxycarbonyl, C1 to 
C4-(substituted)alkoxycarbonyl, phenoxycarbonyl, ben 

55 zyloxycarbonyl or substituted benzyloxycarbonyl. 

DETAILED DESCRIPTION OF THE 
INVENTION 

60 

This invention is directed to certain 7'-N-alkylapra 
mycin antibiotic compounds and the intermediates in 

65 the synthesis of these antibiotics. 

In one aspect, the instant invention provides 7'-N- 
alkylapramycin antibiotic compounds of formula 1 
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HO 
HO NH2 

wherein R is methyl, ethyl, n-propyl or n-butyl; and the 
pharmaceutically acceptable acid addition salts thereof. 
A second aspect of the instant invention encompasses 

1,3,2',4'-tetra-N-protected apramycin intermediate 
compounds of the formula 2 

RHN CH2OH 2 

O fH, 
HO N-R 

HO 
O OH 

O 
O 

RHN O NHR3 

HO 
NHR3 HO 

wherein R2 is hydrogen, methyl, ethyl, n-propyl or 
n-butyl and R3 is acetyl, C1 to C4-alkoxycarbonyl, C1 to 
C4-(substituted)alkoxycarbonyl, phenoxycarbonyl, ben 
zyloxycarbonyl, or substituted benzyloxycarbonyl. 
As used in the instant application, the term "pharma 

ceutically acceptable acid addition salts' means those 
formed by standard acid-base reactions between the 
appropriate aminoglycoside and organic or inorganic 
acids. Such acids include hydrochloric, sulfuric, phos 
phoric, acetic, succinic, citric, lactic, maleic, fumaric, 
palmitic, cholic, pamoic, mucic, D-glutamic, d-cam 
phoric, glutaric, glycolic, phthalic, tartaric, lauric, sali 
cylic, methanesulfonic, benzenesulfonic, sorbic, picric, 
benzoic, cinnamic, and like acids. 
As used in the instant application, the term "Ct 

C4-alkoxycarbonyl' means methoxycarbonyl, ethox 
ycarbonyl, n-propoxycarbonyl or n-butoxycarbonyl. 
Similarly, the term C1 to C4-(substituted)alkoxycarbo 
nyl means amino protecting groups of this class known 
to those skilled in the art, e.g. 2,2,2-trichloroethoxycar 
bonyi, 2-iodoethoxycarbonyl, 2-trimethylsilylethox 
ycarbonyl, 2-(p-toluenesulfonyl)ethoxycarbonyl or 
other such groups that can be removed by reductive or 
basic hydrolytic means. 
The term "substituted benzyloxycarbonyl' denotes 

amino protecting groups such as 2,4,6-trimethylben 
zyloxycarbonyl, p-methoxybenzyloxycarbonyl, p 

O 

15 

20 

25 

30 

35 

45 

50 
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4 
nitrobenzyloxycarbonyl, m-chlorobenzyloxycarbonyl, 
2,4-dichlorobenzyloxycarbonyl, and like groups that 
can be removed by hydrogenolytic or basic hydrolytic 
aS 

In the foregoing definitions, C to C4-(substituted)al 
kyloxycarbonyl and substituted benzyloxycarbonyl 
groups are not exhaustively defined. The function of 
such groups is merely to protect the primary amino 
groups from alkylation while the C-7'-amino group is 
being alkylated, then to be removed without disrupting 
the rest of the apramycin skeleton. Other substituted 
benzyloxycarbonyl and C to C4-(substituted)alkox 
ycarbonyl amino-protecting groups are known in the 
art, and meet the above criteria so as to be suitable in the 
synthesis of the intermediate and antibiotic compounds 
of this invention. 

Exemplary 7'-N-alkylapramycin antibiotic 
pounds of the instant invention include: 

7'-N-methylapramycin, 
7'-N-ethylapramycin, 
7'-N-(n-propyl)apramycin, 
7'-N-(n-butyl)apramycin, 
7'-N-ethylapramycin hydrochloride, 
7'-N-(n-propyl)apramycin sulfate, 
7'-N-(n-butyl)apramycin phosphate, 
7'-N-ethylapramycin acetate and 
7'-N-(n-propyl)apramycin succinate. 
Preferred 7'-N-alkylapramycin antibiotic compounds 

of the instant invention include: 
7'-N-ethylapramycin, 
7'-N-ethylapramycin hydrochloride, 
7'-N-ethylapramycin sulfate, and 
7'-N-ethylapramycin phosphate. 
The more preferred 7'-N-alkylapramycin antibiotic 

compound of the instant invention is 7'-N-ethylapramy 
C. 

Examples of the 7'-N-alkyl-1,3,2',4'-tetra-N- 
protected apramycin intermediate compounds (i.e., 
wherein R2 is methyl, ethyl, n-propyl or n-butyl) of the 
instant invention include: 

7'-N-methyl-1,3,2',4'-tetra-N-benzyloxycarbonyla 
pramycin, 

COs 

7'-N-ethyl-1,3,2',4'-tetra-N-methoxycarbonylapra 
mycin, 

7'-N-(n-propyl)-1,3,2',4'-tetra-N-(n-propoxycar 
bonyl)apramycin, 

7'-N-(n-butyl)-1,3,2',4'-tetra-N-(2,2,2-trichloroethox 
ycarbonyl)apramycin, 

7'-N-ethyl-1,3,2',4'-tetra-N-(n-butoxycarbonyl)apra 
mycin, 

7"N-(n-propyl)-1,3,2',4'-tetra-N-(phenoxycarbonyl)a- 
pramycin, 

7'-N-(n-butyl)-1,3,2',4'-tetra-N-(p-methoxybenzylox 
ycarbonyl)apramycin, 

7'-N-ethyl-1,3,2',4'-tetra-N-(n-propoxycarbonyl)a- 
pramycin, 

7'-N-(n-propyl)-1,3,2',4'-tetra-N-(2,4,6-trimethylben 
zyloxycarbonyl)apramycin, 

7'-N-(n-butyl)-1,3,2',4'-tetra-N-(n-butoxycarbonyl)a- 
pramycin, and 

7'-N-methyl-1,3,2',4'-tetra-N-(p-nitrobenzyloxycar 
bonyl)apramycin. 

Preferred examples of the 7'-N-alkyl-1,3,2',4'-tetra 
N-protected apramycin intermediate compounds in 
clude: 

7'-N-methyl-1,3,2',4'-tetra-N-acetylapramycin, 
7'-N-ethyl-1,3,2',4'-tetra-N-acetylapramycin, 
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7'-N-(n-propyl)-1,3,2',4'-tetra-N-ethoxycarbonyla 
pramycin, 

7'-N-(n-butyl)-1,3,2',4'-tetra-N-benzyloxycarbonyla 
pramycin, 

7'-N-(n-butyl)-1,3,2',4'-tetra-N-acetylapramycin, 
7'-N-(n-propyl)-1,3,2',4'-tetra-N-benzyloxycar 

bonylapramycin, 
7'-N-ethyl-1,3,2',4'-tetra-N-ethoxycarbonylapramy 

Cln, 
7'-N-ethyl-1,3,2',4'-tetra-N-benzyloxycarbonylapra 

mycin, 
7'-N-methyl-1,3,2',4'-tetra-N-ethoxycarbonylapra 

mycin, and 
7'-N-methyl-1,3,2',4'-tetra-N-benzyloxycarbonyla 

pramycin. 
The more preferred 7'-N-alkyl-1,3,2',4'-tetra-N- 

protected apramycin intermediate compounds of this 
invention are: 

7'-N-ethyl-1,3,2',4'-tetra-N-ethoxycarbonylapramy 
Cl, 

7'-N-ethyl-1,3,2',4'-tetra-N-benzyloxycarbonylapra 
mycin, and 

7'-N-ethyl-1,3,2',4'-tetra-N-acetylapramycin, 
Examples of the 1,3,2',4'-tetra-N-protected apramy 

cin intermediate compounds (i.e., wherein R2 is hydro 
gen) of the instant invention include: 

1,3,2',4'-tetra-N-methoxycarbonylapramycin, 
1,3,2',4'-tetra-N-(n-propoxycarbonyl)apramycin, 
1,3,2',4'-tetra-N-(2,2,2-trichloroethoxycarbonyl)a- 
pramycin, 

1,3,2',4'-tetra-N-(n-butoxycarbonyl)apramycin, 
1,3,2',4'-tetra-N-(phenoxycarbonyl)apramycin and 
1,3,2',4'-tetra-N-(p-methoxybenzyloxycarbonyl)a- 
pramycin. 

Preferred 1,3,2',4'-tetra-N-protected apramycin in 
termediate compounds of the instant invention include: 

1,3,2',4'-tetra-N-ethoxycarbonylapramycin, 
1,3,2',4'-tetra-N-benzyloxycarbonylapramycin, and 
1,3,2',4'-tetra-N-acetylapramycin. 
The more preferred 1,3,2',4'-tetra-N-protected apra 

mycin intermediate compounds of the instant invention 
ae: 

1,3,2',4'-tetra-N-benzyloxycarbonylapramycin, and 
1,3,2',4'-tetra-N-acetylapramycin. 
The various compounds and intermediates of the 

instant invention are made in the general scheme 
wherein apramycin is first selectively converted to the 
1,3,2',4'-tetra-N-protected apramycin intermediate 
compounds (represented by formula 2, wherein R2 is 
hydrogen). These intermediate compounds are then 
alkylated to yield the 7'-N-alkyl-1,3,2',4'-tetra-N- 
protected apramycin intermediates (represented by for 
mula 2, wherein R2 is methyl, ethyl, n-propyl, n-butyl) 
which in turn, are converted to the 7'-N-alkylapramy 

5 

10 

15 

20 

25 
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50 

cin antibiotic compounds of formula 1 by removal of 55 
the N-protecting groups. 
More specifically, the 1,3,2',4'-tetra-N-protected 

apramycin compounds are made by first making an 
apramycin-carbon dioxide complex. The complex is 
conveniently made by dissolving apramycin in aqueous 
sodium bicarbonate and then adjusting the pH of the 
resultant solution to 7.0 with an acid such as aqueous 
hydrochloric acid. Lyophilization of this solution then 
yields a solid apramycin-carbon dioxide complex. 
An example of such a procedure for making the apra 

mycin-carbon dioxide complex is to dissolve apramycin 
(20 mmol) in a solution of sodium bicarbonate (10 
mmol) in water (400 ml) and to adjust the pH of the 

60 
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6 
resultant solution from its initial value of 9.0 to 7.0 with 
1N hydrochloric acid (approximately 75 ml). After 
stirring this solution for one hour at room temperature, 
it can be lyophilized to yield a solid apramycin-carbon 
dioxide complex. 
The 1,3,2',4'-tetra-N-acetylapramycin intermediate 

compound is made, in general, by dissolving the apra 
mycin-carbon dioxide complex in aqueous methanol 
and treating the resultant solution with acetic anhydride 
at room temperature. The tetra-N-acetyl product is then 
isolated by standard methods such as chromatography 
with ion-exchange resins or silica gel. 
The tetra-N-protected apramycin intermediate can 

also have C1 to C4-alkoxycarbonyl, C1 to C4-(sub 
stituted)alkoxycarbonyl, phenoxycarbonyl, benzylox 
ycarbonyl or substituted benzyloxycarbonyl as the 
amino protecting group. These tetra-N-protected apra 
mycin derivatives can be synthesized in a manner analo 
gous to the above tetra-N-acetylapramycin by reacting 
the apramycin-carbon dioxide complex with the appro 
priate number or slight excess of molar equivalents of an 
acylating agent, represented by the following general 
formula 

Gr-O X 

wherein G is C1 to C4-alkyl, C1 to C4-substituted alkyl, 
phenyl, benzyl or substituted benzyl and X is para-nitro 
phenoxy, n-oxysuccinimide, N-oxyphthalimide, or a 
similar activated ester. 

For example, the 1,3,2',4'-tetra-N-benzyloxycar 
bonylapramycin intermediate compound can be made 
by dissolving the apramycin-carbon dioxide complex 
(1.0 g) in water (10 ml), diluting with methanol (10 ml) 
and treating this solution with N-(benzyloxycar 
bonyloxy)succinimide (1.5 g, 6 mmol) for 24 hours at 
room temperature. 
The 7'-N-alkyl-1,3,2',4'-tetra-N-protected apramycin 

intermediate compounds are made by alkylating the 
corresponding 1,3,2',4'-tetra-N-protected apramycin 
intermediate compounds described above. Active alkyl 
ating agents used for this conversion include the alkyl 
bromides, the alkyl iodides, the alkyl para-toluenesul 
fonates, and the alkyl methanesulfonates. The alkylating 
agents are used in an excess of about 5:1 to about 20:1 of 
the 1,3,2',4'-tetra-N-protected apramycin substrate, 
with a molar excess of about 10:1 being preferred. The 
temperatures of this reaction may range from room 
temperature to about 80 C., with room temperature or 
moderate heating being preferred. The solvent used for 
the reaction should be a polar aprotic organic solvent 
such as dimethylformamide, dimethylsulfoxide, hex 
amethylphosphoramide, acetonitrile or acetone, or mix 
tures thereof. 
The general procedure for the synthesis of the 7'-N- 

alkylapramycin antibiotic compounds of the instant 
invention entails deprotecting the 1,3,2', and 4' amino 
groups of the above 7'-N-alkyl-1,3,2',4'-N-protected 
apramycin intermediate compounds. The deprotection 
procedures necessary to effect this conversion are well 
known to those skilled in the aminoglycoside antibiotic 
art. For example, the acetyl amino-protecting group can 
be removed by refluxing the compound to be de 
protected in ethanol solution with hydrazine hydrate. 
The benzyloxycarbonyl amino-protecting group and 
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the substituted benzyloxycarbonyl amino-protecting 
groups can be removed by dissolving the N-protected 
intermediate in a solvent such as aqueous ethanol and 
hydrogenating this solution over a hydrogenation cata 
lyst such as palladium/carbon. The alkoxycarbonyl, 5 
substituted alkoxycarbonyl and phenoxycarbonyl 
groups can be removed by basic hydrolysis using for 
example, barium hydroxide in warm ethanol. 
The isolation and purification of the various interme 

diates and antibiotic compounds encompassed in the 10 
instant invention is accomplished by methods well 
known in the art of aminoglycoside antibiotics, as exem 
plified by the procedures described in the following 
Experimental section. 
The 7'-N-alkylapramycin antibiotic compounds of 15 

this invention, in either their free base form or their 
pharmaceutically acceptable acid addition salt form, are 
useful for treating infections caused by gram-positive 
and gram-negative bacteria in warm-blooded animals. 
The compounds can be administered parenterally, in the 20 
free base form or in the pharmaceutically acceptable 
acid addition salt form, using pharmaceutically accept 
able formulations known in the art. The compounds can 
also be administered as veterinary compositions, for 
example, in the feed or drinking water of farm animals 25 
to treat infections such as colibacillosis or swine dysen 
tery. 

Alternatively, the compounds can be used as a sur 
face disinfectant. Solutions containing as little as 0.1% 
by weight of the antibiotic are effective for disinfecting 30 
purposes. Such solutions, preferably also containing a 
detergent or other cleansing agent, are useful for disin 
fecting objects such as glassware, dental and surgical 
instruments, and surfaces such as walls, floors, and ta 
bles in areas where the maintenance of sterile conditions 35 
is important, i.e., hospitals, food-preparation areas, and 
the like. 
The antibacterial activity of the 7'-N-alkylapramycin 

antibiotic compounds of this invention is similar to apra 
mycin and extends to gram-positive bacteria such as 40 
Staphylococcus aureus, Staphylococcus epidermis, Strepto 
coccus pyogenes, and Streptococcus pneumoniae, and 
gram-negative bacteria such as Haemophilus influenzae, 
Shigella sonnei, Escherichia coli, Klebsiella pneumoniae, 
Enterobacter aerogenes, Enterobacter cloacae, Salmonella 45 
typhi, Pseudomonas aeruginosa, Serratia marcescens, Pro 
teus morgani, Proteus inconstans, Proteus retigeri, and 
Citrobacter freundi. 
The 1,3,2',4'-tetra-N-protected apramycin intermedi 

ate compounds and the 7'-N-alkyl-1,3,2',4'-tetra-N- 50 
protected apramycin intermediate compounds of for 
mula 2 are useful in the synthesis of the 7'-N-alkylapra 
mycin antibiotic compounds, represented by formula 1, 
as discussed above. 
The following Examples (1-4) in the Experimental 55 

Section are provided to further illustrate this invention. 
It is not intended that this invention be limited in scope 
by reason of any of the following Examples. 

In the following Experimental Section, carbon-13 
nuclear magnetic resonance spectra, field desorption 60 
mass spectra and high performance liquid chromatogra 
phy are abbreviated C-i3 nm.r., fid.m.s., and HPLC, 
respectively. The nuclear magnetic resonance spectra 
were obtained either on a Varian Associates FT80 spec 
trometer or a Jeol JNM-PS-100 spectrometer, using 65 
dioxane as the internal standard. The chemical shifts are 
expressed in 6 values (parts per million downfield from 
tetramethylsilane). The field desorption mass spectra 

8 
were taken on a Varian-MAT 731 spectrometer using 
carbon dendrite emitters. The high performance liquid 
chromatography was carried out on a Waters Assoc1 
ates, Inc. Prep. 500 Instrument. 
Column chromatography was often carried out using 

an ion exchange resin such as BioRex AG50 W-X4 or 
BioRex 70 as the stationary phase. Both BioRex AG50 
W-X4 and BioRex 70 are acidic cation ion-exchange 
resins. Both of these resins are obtained from Bio-Rad 
Labs., 2200 Wright Avenue, Richmond, Ca. 94.804. 
Thin layer chromatography was carried out on E. 
Merck silica gel plates. 
The abbreviations "mino' and "h' stand for milli 

mole and hour, respectively. 
EXAMPLE 1. 

1,3,2',4'-Tetra-N-Acetylapramycin 
Apramycin (10.8 g., 20 mmol) and sodium bicarbonate 

(8.4g, 100 mmol) were dissolved in water (400 ml) and 
the pH of the resultant solution was adjusted from its 
initial value of 9.1 to 7.0 with 1N hydrochloric acid (75 
ml). The solution was stirred for 1 h at room tempera 
ture and then was lyophilized. The lyophilized complex 
was dissolved in water (200 ml) and the solution was 
diluted with methanol (200 ml) and treated with acetic 
anhydride (10 ml). After stirring overnight at room 
temperature, the solution was concentrated to aqueous 
under reduced pressure and then lyophilized. The crude 
product was dissolved in water (30 ml), the pH of the 
solution was adjusted to 7, and the solution was loaded 
on a column of BioRex AG50 W-X4 (500 ml resin, H 
cycle, pH 4.5). The column was eluted with water (1 
liter) and a linear gradient of water (1 liter) and 0.1N 
ammonium hydroxide (1 liter). Fractions containing the 
desired product were located by thin layer chromatog 
raphy analysis, combined and lyophilized to yield 10.3g 
(73%) of 1,3,2',4'-tetra-N-acetylapramycin: C-13 n.m.r. 
(D2O, pH 8.6), 822.7, 22.9(2X), 23.5, 29.6, 32.7, 33.5, 
48.7, 49.3, 50.2, 52.3, 61.6, 62.6, 65.8, 67.4, 71.0, 71.1, 
71.8, 72.4, 75.4, 77.5, 81.8, 95.1, 96.3, 174.1, 174.2, 1748, 
and 175.4. 

EXAMPLE 2 
1,3,2',4'-Tetra-N-Benzyloxycarbonylapramycin 

Apramycin complex, prepared as described in Exam 
ple 1, (1.0g, 1 mmol) was dissolved in water (10 ml) and 
the solution was diluted with methanol (10 ml), N-(ben 
zyloxycarbonyloxy)succinimide (1.5 g, 6 mmol) was 
added to the solution and the resultant solution was 
stirred for 24 h at room temperature. The reaction mix 
ture was evaporated to dryness under reduced pressure. 
The resultant crude reaction product was slurried with 
BioRex AG50W-X4 (25 ml, H+ cycle, washed to pH 5) 
in a column and then eluted with water (approximately 
500 ml) to remove the water-soluble and non-adsorbed 
material. 
The column was then emptied into a saturated aque 

ous sodium carbonate solution, and this mixture was 
extracted twice with ethyl acetate. The combined ethyi 
acetate extracts were dried over sodium sulfate, filtered 
and evaporated to dryness, to yield 0.98 g of 1,3,2',4'- 
tetra-N-benzyloxycarbonylapramycin as a white amor 
phous powder: F.D.M.S.: m/e 1075. 
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EXAMPLE 3 

7'-Ethyl-1,3,2',4'-Tetra-N-acetylapramycin 

1,3,2',4'-Tetra-N-acetylapramycin (1:06g, 1.5 mmol) 

was dissolved in dimethylformamide (75 ml) and the 

solution was treated with ethyl iodide (4.68 g) while 
stirring overnight at room temperature. The solvent 

was then removed from the reaction solution under 

reduced pressure to yield 7'-N-ethyl-1,3,2',4'-tetra-N- 

acetylapramycin. 

EXAMPLE 4 

7'-N-Ethylapramycin 

The 7'-N-ethyl-1,3,2',4'-tetra-N-acetylapramycin 

from Example 3 above was dissolved in hydrazine hy 
drate (200 ml) and the solution was refluxed for 40 h. 

After cooling to room temperature, the solvent was 

evaporated under reduced pressure. The resultant resi 

due was dissolved in water (15 ml) and the solution was 

adjusted to pH 10 before loading it on a column of 

BioRex 70 (NH4+ cycle, pH 10). The column was 

eluted with a linear gradient of 0.01N ammonium hy 

droxide (1 liter) and 0.1N ammonium hydroxide (1 li 

ter). Fractions were analyzed by thin layer chromatog 

raphy and the appropriate fractions were combined and 

lyophilized to yield 58 mg. of 7'-N-ethylapramycin 

along with 48 mg of a mixture of apramycin and 7'-N- 

ethylapramycin. 7'-N-Ethylapramycin: C-13 n.m.r. 

(D2O, pH 9.7): 813.0, 32.8, 36.4, 38.7, 48.8, 49.9, 50.3, 

51.3, 53.1, 61.4, 64.2, 68.0, 68.7, 71.1, 71.9, 73.7, 74.9, 

76.8, 78.2, 87.6, 96.3(2X) and 101.4. F.D.M.S.: m/e 586 

(P+ 1). 

I claim: 

1. A compound of the formula 

10 

HN-R CH2OH 
O 

5 HO CH3 
HO 

O N-ROH 

O 
10 O 

HN 
2 O NH2 

15 

HO 
HO NH2 

wherein R1 is methyl, ethyl, n-propyl or n-butyl; and the 
20 pharmaceutically acceptable acid addition salts thereof. 

2. A compound of claim 1, wherein R1 is ethyl. 
3. The compound of claim 2, wherein the compound 

is the free base. 
4. A compound of the formula 

25 

R3HN CH2OH 

O fH, 
HO N-R2 

30 HO 
O OH 

O 
35 O 

RHN 
ar O NHRs 

40 HO 

HO NHRs 

wherein R2 is hydrogen, methyl, ethyl, n-propyl or 
n-butyl and R3 is acetyl, C1 to C4-alkoxycarbonyl, C1 to 
C4-(substituted)alkoxycarbonyl, phenoxycarbonyl, ben 
zyloxycarbonyl or substituted benzyloxycarbonyl. 

5. A compound of claim 4, wherein R2 is methyl, 
ethyl, n-propyl or n-butyl. 

6. A compound of claim 5, wherein R3 is C1 to C4 
alkyloxycarbonyl, benzyloxycarbonyl, substituted ben 
zyloxycarbonyl or acetyl. 

7. A compound of claim 6, wherein R3 is ethoxycar 
bonyl, benzyloxycarbonyl or acetyl. 

8. A compound of claim 7, wherein R2 is ethyl. 
9. A compound of claim 4, wherein R2 is hydrogen. 
10. A compound of claim 9, wherein R3 is C1 to C4 

alkoxycarbonyl, benzyloxycarbonyl, substituted ben 
zyloxycarbonyl or acetyl. 

11. A compound of claim 10, wherein R3 is benzylox 
ycarbonyl or substituted benzyloxycarbonyl. 

12. A compound of claim 11, wherein R3 is benzylox 
ycarbonyl. 

13. A compound of claim 10, wherein R3 is acetyl. 
: k : 
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